The intention of this research is to study the application of sustainable lean and green strategy with a Six Sigma approach (SLGS). There are a restricted number of studies that apply lean and green strategy in a Six Sigma format. However, there is no study that consider a complete sustainable, economic, environmental and social, assessment of manufacturing cells by implementing Six Sigma approach. This research aims to investigate the application and benefits of conducting SLGS for waste and emission reduction, energy reduction, and productivity and social improvements. In this research, the steps of the new methodology are developed, and the result of the proposed methodology is assessed in a case study. The results of the study indicated that by applying SLGS methodology there will be a reduction in cost and environmental impacts.
Introduction
Different researchers in manufacturing and services have implemented successfully lean, green and Six Sigma strategies. Currently, there has been no study that applies lean and green strategy with Six Sigma approaches by considering social impacts in the industry. Although lean strategy deals with the elimination of waste, it does not consider the environmental impact. Greening is the collective term for a variety of approaches and principles aimed at minimising or eliminating the environmental impact of a product or activity. By combining lean with the green strategy, all aspects of waste will be considered. Although these two strategies help to eliminate waste and improve environmental impacts, they do not consider the variability in the process. Six Sigma approach will contribute to reducing the variability of the production process. On the other hand considering workers and employee opinion about the quality and productivity can play an important role in optimisation. Therefore, in this study all aspect of sustainability will be considered.
Literature review
Lean strategy has been utilised by different researchers. Lean strategy focuses on elimination of seven types of waste that has no value for customers. These lean wastes consist of, defects, waiting, motion, transportation, inventory, overprocessing and over production. The result of applying this methodology are reduction in cost (Singh et al., 2013) , waste reduction (Hemanand and Amuthuselvan, 2012; Singh et al., 2013) , productivity improvement (Mo, 2009; Kumar Chakrabortty and Kumar Paul, 2011; Hemanand and Amuthuselvan, 2012) , cycle time reduction (Susilawati et al., 2013) , operational performance and quality (Shah and Ward, 2003; Dal Pont et al., 2008) . These improvements are the result of applying different types of lean practices such as 5S (Susilawati et al., 2013) , Value Stream Mapping (Curry, 2007; Kumar Chakrabortty and Kumar Paul, 2011) , inventory minimisation (Demeter and Matyusz, 2011) , high resource utilisation (Dal Pont et al., 2008) , Cellular layout (Chiarini, 2014) , Total Productive Maintenance [TPM] , Just In Time [JIT] (Dal Pont et al., 2008; Singh et al., 2013) and Total Quality Management [TQM] (Dal Pont et al., 2008) .
Several researches studied the combination of lean and Six Sigma strategies. The combination of these two strategies is popular among researchers and industries. The combination of these two strategies results in cost reduction (Franchetti and Yanik, 2011; Tshibangu, 2014) , overall equipment efficiency (Lee and Wei, 2010) , reduction in energy usage (Lee and Wei, 2010) , improve customers satisfaction (Lee and Wei, 2010; Vinodh et al., 2014) , improve capacity (Roth and Franchetti, 2010; Franchetti and Yanik, 2011) , reduce defects (Vinodh et al., 2014) reduce lead time (Andersson et al., 2014) .
The synergy of green and lean manufacturing strategies has been applied by different studies. The aim of these studies are reduction in waste, and environmental impacts (Chiarini, 2014; Pampanelli et al., 2014) , results are reduction in resource usage (Pampanelli et al., 2014) , cost (Diaz-Elsayed et al., 2013) . Dües et al (2013) and Galeazzo et al (2014) discovered that combining these two strategies are beneficial (Diaz-Elsayed et al., 2013; Dües et al., 2013; Galeazzo et al., 2014) . Garza-Reyes et al. (2014) show how Six Sigma strategy fill out the limitation of the combination of lean and green strategies. Banawi and Bilec (2014) show the improvement of a construction project by applying the synergy of these methodologies. Zamri et al. (2013a Zamri et al. ( , 2013b investigate how the combination of these strategies affects innovation and financial performance in an automobile industry.
Several studies consider various social indicators for analysing social performance of a society or organisations. Some the social indicators are working conditions, products security and quality (Veldhuizen et al., 2015) , health, safety and training (Weingaertner and Moberg, 2014; Veldhuizen et al., 2015) , employment practices (Labuschagne et al., 2005; Weingaertner and Moberg, 2014) , equity and fair operating practices, jobs' satisfaction (Weingaertner and Moberg, 2014) .
There is a lack of study in total sustainability of industries which consider economic, environmental and social performance of the manufacturing systems. In this study all aspects of the sustainability are considered for a manufacturing cell by using Six Sigma approach.
Methodology
The research reported here comprised a literature review of lean, green, Six Sigma strategy by considering social performance of a manufacturing system. The methodology consists of five main steps of the Six Sigma strategy. Each of these five steps consist different subcategories.
Define
The first step in the Six Sigma methodology is defining the project. This phase aims at finding opportunities and feasibility of applying the combined sustainable lean, green strategy. In this stage, a pre-assessment site visit will be done to identify an operational cell that represents a significant use of resources.
Measure
In the measuring phase, the current performance of the selected cell will be identified. This stage contains defining the parameters of productivity, environment and social performance of the production cells. First of all a flowchart of all input (energy, material), output (product, waste, and emissions) of the process should be identified. A flow chart can show the sequence of the activities or input/output of the process, people and time involved in the process.
Analyse
In the analysing phase, the current annual economic, environmental and social performance of the production cells will be determined by analysing the data gathered during the measuring period. This phase of the Six Sigma is categorised into identifying and analysing the current productivity, the environmental performance and social performance of the operators of the production cell.
Improve
For each of the root causes identified in the Analyse phase, a brainstorming method can help to come up with the ideas and options to resolve the problem. Opportunities for waste reduction, energy usage reduction, and increasing the productivity and social performance of operators will be identified in this phase. After the problems are categorised, the 5W2H method helps to find and solve the cause of the problems. 5W2H includes seven questions. These questions are: what is the problem, when the problem happened; who was responsible for the problem; where the problem happened; why the problem happened; how the problem occurred as well as, how much will it take to solve the problem. Furthermore, in this phase the generated waste, energy, water and productivity will be compared to the standard amount and cost from the literature review. Therefore, the opportunity for improvement will be identified.
Control
The main goal of the Control phase is achievement of the goal of the project and sustaining it. In this step the improvement suggestion will be implemented and solutions to sustain the improvements will be discussed. Documentation, communication, making control charts and discussing the recommendations are some of the main aspect of controlling phase. Table 1 shows different steps of the methodology and tools that can be used in these steps. 
Case study
In this case study productivity, environmental impacts and social factors of a manufacturing cell are analysed through sustainable lean, green and Six Sigma strategy. The name of the company, location and staff are remained confidential. The case study is performed during spring of 2015.
The area of the building is 91100 sq.ft in one level. The production and warehouse are 66,270 sq.ft with 15.5' ceiling height. In this company two types of printing machines and a software are used to drive the printers. In the next step, the methodology is described in a Six Sigma approach.
Define
In this step a pre-assessment site visit was done. In this company two types of printing machines, are used. There are eight production cells in the machinery area. Machines have the speed of 21000 pieces per hour.
By looking at the productivity of each cell, it is obvious that the production cells do not work at their full capacity, and there is some waste and energy loss associated with them. There is a potential for improving productivity and reduction of waste and energy. In this step the overall specification of the machinery area was observed.
Measure
In the measurement phase, the economic, environmental and social sustainability data are collected to identify the current performance of the production cell. In this step, operators' issues and the mass-energy and material flow of the cell are measured.
Identifying the cell's productivity parameters
In this step the operator's responsibilities, machines utilisation and operators' efficiency are identified. The operators responsibilities consists of Loading new jobs, loading envelopes, preload custom inserts and envelopes, reset the count after job is completes, clear jam, unload, keep area safe and clean and quality checking of the first three piece if each job.
In the current layout of the machines, each operator works on one machine. Figure 1 shows the current layout of the machines. There are three shifts in a day. Each shift is eight hours. Each operator has two fifteen minutes break. The average downtime is 0.77 hour in a shift.
Identifying cells environmental issues
The environmental issues consist of energy consumption and waste generation. Each production cell has 60 Watt fluorescent lamps. The machines are 3 phase 340 volts and 50 ampere.
The only types of waste in these manufacturing cells are mixed office papers, white office paper and corrugated containers. Each production cell has three types of recycling bins. The volume of the bins is presented in Table 2 . 
Identifying social issues
The third pillar of the sustainability is social sustainability that needs to be measured and reported. To measure the sustainability of the production cell, a survey was designed. This survey measures the equity, education, health and safety, housing, facility and equipment, community cohesion, work satisfaction and operators' fair practices. The operators and operators' coordinator of the production cells took the survey. There are 24 operators working in the production cells in three different shifts.
Analyse
In this phase the economic, environmental and social aspects of the manufacturing cells are analysed.
Analysing productivity performance of the cell
To analyse the productivity of the manufacturing cells, a work study has been done in the measurement phase of the Six Sigma. Figure 2 shows the pareto chart for analysing the work study. As it is shown in Figure  2 , 80% of the operators' activities consist of loading new jobs, unloading, walking, quality control and walking. The ANOVA shows that machine number two utilisation and operator two efficiency is out of control. Also variance of the efficiency for operator and machine number one is high. Furthermore, the average production of all machines is below the capacity of the machine which is 21,000 pieces per hour.
Analysing environmental performance of the cell
In this section, the energy consumption of the machines is analysed based on the work study. Energy consumption of the lights and greenhouse gas emission of the consumed energy is also calculated. The work study shows that machines are 73% of the time busy. The amount of the CO 2 production per kWh of electricity in the USA is 0.61 kg. The energy consumption and greenhouse gas emission of the machines in a year are about 77,524 kWh and 47,289.76 kg of CO 2 in a year respectively. Also the energy consumption cost and greenhouse gas emissions of the lights in a year are 11,980 kWh and 7307 kg of CO 2 respectively. Table 3 shows the frequency of emptying each type of containers in one cell and weight of each type of the waste in a year. The weight of each type of waste is calculated based on their volume, the density of each material, frequency of emptying the bins in a month. 
Analysing social performance of the production cell
A survey was done for the social sustainability of the production cell to find the operators knowledge, expectation and satisfaction. 86% of the individuals surveyed are production operators, and 14% of them are production coordinators. 72% of the operators are female. 57% of the operators have high school and 43% have bachelors degree. 43% of operators are non-specialised, 28% are specialised and 29% are highly specialised. 57% of the operators are trained for sustainability. The operators are mostly satisfied with housing, health and security and facility and equipments. Only 7% of the operators are dissatisfied with community cohesion. Also 14% are dissatisfied with working conditions such as noise and safety clothes.
Improve
In this phase of the project, the opportunities for improving the productivity, energy consumption, waste generation will be identified and the economic, environmental and social result of the improvement will be proposed.
Identifying the opportunities to improve the productivity
The work study shows that 78% of the times operators are busy and the rest they are idle. If one operator works on two machine, he/she needs a helper to help him/her loading new jobs and unloading (the highest contribution of the work study activities). This way the operators will be busy for 48% of a shift and can work on two machines. The analysis of the job allocations to the helpers shows that one operator can help three machines. Figure  5 shows the proposed layout of the machines. Table 4 shows the potential saving per year for productivity analysis and changing the current layout of the machines. Current number of operators is 24 in three shifts. The annual salary for one operator is considered to be $45,000. For the proposed layout, each operator works on two machines. Therefore, the number of operators is reduced by half. However, there are nine numbers of operators assistant who help the operation of three machines. The annual salary of the helpers is considered to be $35,000. The annual saving for changing the current layout will be $225,000. 
Identifying opportunities to decrease environmental issues
In the measurement phase, the energy consumption of the machine and lights were measured and in the productivity analysis we saw that the machine number two is out of control. If the machine works with their optimum efficiency, the energy consumption for each unit production will reduce. Some corrective actions such as total productive maintenance can make the machines run at their highest efficiency. For improving the lighting of the production cells lighting of the cells were compared to the standard one. The total amount of watt/ft 2 was calculated for a production cell. A report by energy commission (California Energy Commission, 2008) shows that the standard watt/ft 2 for a production industry is 1.2. However, the current lighting system shows 1.5 watts/ft 2 . Twenty five watt lamp is enough for meeting the standard. This number is calculated based on production cell area and standard watt per square feet.
The difference energy usage for one lamp is 7 watt and the total energy saving for one cell based on 60 numbers of lamps is 420 Watt-hour for one cell. The cost and greenhouse gas emission saving is calculated based on the energy consumption. Total energy saving for the whole machinery area is 20,816 kWh and the total CO 2 emission saving is 12,698 kg of CO 2 .
In the analysing phase, the generated waste in one cell for a year was calculated. Table 5 shows the saving based on recycling the waste and the GHG emission associated with landfilling papers. The total amount of waste generated in the entire machinery section is 9.9 tons of mix office paper, 13.6 tons of white office paper and 1.5 tons of cardboards. The money saving for selling total generated waste by considering the cost of selling for $65 would be $1629 per year. Landfilling the papers will produce 1.21 kg greenhouse gas emission per kg of paper. So, the total amount of CO 2 with the generated amount of waste is 25,817 kg CO 2 in a year that by reusing the papers this amount of CO 2 would be reduced. 
Identifying opportunities to improve social performance
The survey analysis shows that whole operators are satisfied with their work life as a whole and willing to improve quality and improve. To improve environment condition, employees wear ear plugs and glasses whenever they are in the production area. Also, the productivity rate was ranked by the operators. Figure 6 shows the cause and effect analysis of the sustainability problem that are categorised in five groups. The four most important factors that affect the production rate from the operators' point of view are the error by machine, items placement, passing information, error by operators and design change. Error by machine can be prevented by total production maintenance techniques. These methods include cleaning the machine and regular productivity control of the machines to notice any out of control efficiency for machines and labours regularly. From the quality control and variance analysis of the devices, it was realised that machines number two utilisation and operator's efficiency are significantly different from others as it was discussed in previous section. Checking the number of assembled sheets in one envelope is helpful to see if the size and thickness of them are appropriate for machine adjustment. It is necessary to avoid the maintenance time by adjusting the machine before loading a new job. Applying 5S strategy can help to improve work stations. 5S has 5 steps that are sort, set, set, standardise and sustain. Sortation can be done by considering the criticality of the material, frequency of use and quantity needed. Set in order can be used by labelling the materials that are not used frequently in with red tag and after a certain amount of time move them to the local red tag area for all production cells. Shining is keeping the area clean and free of dust. To sustain and standardise the process, a 5W2H should be applied. A specific time of the month should be established to do the 5S procedure regularly and create a worksheet to check every item of the 5S activities on that specific date (Production Automatic Corporation, 2015) . To avoid the error by labours, and improve social impacts operators should follow the instruction and pass the information about any error to the manager. Using ear plugs and glasses is necessary to avoid long time injuries in the production cells. Table 6 summarised the cost and GHG saving in different steps. By considering the saving from various parts, we can see from the table that the total amount of saving is $227,276 for a year. The cost of implementing was calculated based on the amount of time spending on the changing. It is supposed that the changes will be done by the current employee of the company and it will take two days to do the layout changes and two hours for each cell to change the lamps. 
Evaluating the economic, environmental and social results

Control
This step consists of follow up visit and generating reports. For controlling the process the productivity, energy consumption and waste generation of the production cell should be monitored continuously to find the efficiency of operators and machines and find out any types of problem that may occur immediately to avoid the cost and environmental impact associated with them. For controlling, 5W2H is a necessary approach to have a regular and concrete plan.
Conclusion
This research aimed to present the integration of lean, green and Six Sigma tools into sustainability assessment of production cells as a way to facilitate sustainability implementation. It also aims to tackle some of the main barriers pointed out in the literature review. The objective was achieved through the analysis of a case study in a manufacturing company. Based on the literature review it was seen that all of these methodologies have some advantages and limitation, and some of the metrics and tools have overlaps. Lean manufacturing focuses on the elimination of wastes. However, the types of waste removal in these strategies are different. Moreover, green manufacturing evaluates the environmental effect of waste reduction as well. Furthermore, there is a lack of study on a methodology that evaluates the social performance of manufacturing. Therefore, it can be concluded that the standard method proposed in this paper addresses these shortcomings as it is more comprehensive and easier to implement than any individual methodology.
It can also be said that the primary focus of the standard methodology improvements proposed in this research is on the Six Sigma methodology DMAIC.
The result of the case study shows an economic improvement of $218,424 per year by changing the layout design of the machines. Also improving the cell lighting will end up in the reduction of energy consumption of 20,816 kWh and 12,698 kg CO 2 emission annually. The social performance analysis shows that the operators are willing to improve and learn about sustainability. The main problem that affects the productivity rate in operators and operators' coordinator are machine errors, placement of the materials, labour error and design change that have the most effect on production rate.
The methodology shows that the techniques and tools to improve three aspects of sustainability have some overlaps. By enhancing the productivity of the production cells, the energy usage of the machines per unit will reduce, and less waste will be generated. On the other hand by using 5S method the transportation and move waste will be reduced and the safety and operators satisfaction will be increased. Although improving the productivity and environmental assessment of the manufacturing systems will affect the employee's satisfaction and health, there are other types of measurement that can improve the social performance of the cells. The survey shows that 14.3% of the operators are not satisfied with the work conditions, and there is not gender and race equity between the employees. The survey also showed that only half of the employee were trained for sustainability. The improvement suggestions were discussed in the improvement part of the case study.
This research is not without limitations. The main limitation is the fact that the proposed methodology was not fully tested in the all kind of manufacturing cells; there was only partial data collection to discuss some of its phases. Further research could focus on developing a detailed guideline for the methodology presented in this paper that might be used by different small and medium production cells. Finally, the methodology can be implemented not only for the machining area but all departments in the company.
